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Summary
Objectives: This paper illustrates a high speed clinical
data retrieving system, from 10 years of data of oper-
ating hospital information system for the purposes of
research, evidence creation, patient safety, etc., even
incorporating time sequence of causal relations.
Methods: Total of 73,709,298 records of 10 years at
Hamamatsu University Hospital (as of June 2008) are
sent from HIS to retrieval system in HL7 v2.5 format.
Hierarchical variable length database is used to install
them.
Results: A search for “listing patients who were pre-
scribed Pravastatin (Mevalotin and generic drugs, any
titer)” took 1.92 seconds. “Pravastatin (any) prescribed
and recorded AST >150 within two weeks” took
112.22 seconds. Searching conditions can be set to be
more complex, connected by Boolean operator and/or.
This system called D*D is in operation at Hamamatsu
University Hospital since August 2002. It is used for
48,518 times (monthly average of 703 searches).
Neither searching, nor background export of data from
HIS caused delay of routine operating CPOE.
Conclusions: Search database outside of routine oper-
ating CPOE, with daily export of order data in HL7 v2.5
format, is proved to provide excellent search environ-
ment without causing trouble. Hierarchical represen-
tation gives high-speed search response, especially
with time sequence of events.
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1. Introduction
Hospital information systems have many
kinds of precious data, i.e. examination
results, prescriptions, diagnosis classifica-
tions, as well as patient’s demographic in-
formation. Making full use of them gives
us not only speedy and user-friendly daily
practices, but also analytic results of clini-
cal data, even appropriate alerts for pa-
tient’s safety. On the other hand, however,
this data is huge in volume, and is loaded
with a heavily used routine operating sys-
tem.
In this paper, an analytical clinical in-
formation retrieval system called D*D is
described, which can provide high-speed
clinical information retrieval and has al-
ready been in use for more than seven
years. D*D has a unique structure of data
housing system within itself, which en-
ables high-speed retrieval. The structure
has a time-sequence feature between facts
to be retrieved, which makes causal-re-
lation search so fast. Using these func-
tions, D*D provides not only clinical evi-
dence data, but also background searching
of noteworthy prescription orders, or even
the pairing of prescription and lab examin-
ation results, which work to contribute to a
patient’s safety.
2. To Pursue Higher Patient’s
Safety and More Clinical
Evidence.
Hospital information systems started pro-
viding examination results, past prescrip-
tions, as well as patient’s demographic in-
formation to users of healthcare providers
[1-5]. Computerized physician’s order entry
(CPOE) enabled physicians to enter many
kinds of orders directly, which helps de-
crease medical errors [6-13].
The basic way in which CPOE con-
tributes to enhance patient’s safety is that
physicians select drugs among the available
list displayed, instead of handwriting which
can cause misreading. As CPOE has lab re-
sults and diagnosed disease names, it would
be helpful to check it at the time of admis-
sion. For example, cancer chemotherapy
would be with checking leukocyte count at
all times. This is made possible by high
speed checking of both prescription orders
and lab results.
This function also enables analytical data
retrieval for creating clinical evidence. To
produce clinical evidence, many hypotheses
must be checked. For example, suppose a
physician thought a certain anti-hyper-
lipidemia drug may cause hepatic side ef-
fects, for any reason such as pharmaco-
kinetics. The physician would check CPOE
data for patients who have been prescribed
the drug. The data to check would be AST,
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LDP, Bil, etc. or even their combination.
High speed retrieval, no matter how large
the archived data are, should be highly ap-
preciated, as it allows users to check as
many hypotheses as possible in a limited
time. Furthermore, hypotheses require
causal relations. The data to be checked
should be “after medication, within a cer-
tain period”. CPOE has, of course, time
stamps for every order, and results.
To summarize, the safety enhancing, and
evidence creating clinical database should
1) allow multiple combinations of retrieval,
2) accommodate time sequence of facts, 3)
provide high speed retrieval, and 4) make as
much previous data available as possible,
without interfering the fast response of
operating CPOE.
3. Co-existence of Routine
Practice and Reference
Analytical Tests
In Japan, installation of CPOE started in the
1980s. The prevalence of CPOE in Japan is
very high, about 90% in large hospitals
(400+ beds) in 2006 [14-16]. Secondary use
of the data of CPOE, i.e. prescriptions, lab
results, etc. have been tried from the begin-
ning [17-19]. As CPOE requires a fast re-
sponse not to keep physicians waiting, it is
often the case that most CPOE have only a
few years of past data available for real time
use, though most hospitals actually have
years of past data in archives.
CPOE uses many kinds of tables to make
valid order messages. For example for pre-
scription orders, CPOE uses available drug
table, noting their attributes with special
caution, and order doctors’ table with their
qualification to prescribe certain drugs, etc.
This type of use is suitable for table-based
relational database system.
On the other hand, retrospective analysis
of clinical data available from CPOE and
EMR (electronic medical records) are rather
limited in variety. Drug name, dose, timing,
route, lab-test name, results, unit, standard
value, diagnosis name, code, code table, ver-
sion, etc. Signs and symptoms can be rich in
variety, Although they are limited in variety,
they should be represented with structure,
especially in a hierarchical structure [20, 21].
For example, when a user searches for anti-
hyperlipidemia drug pravastatin sodium,
Mevalotin
®
, the user likes to have both
pravastatin sodium 5 mg and 10 mg. It is
tiresome for the user to check for every titer
of the drug and input them all. Figure 1 shows
an example of hierarchical representation of
this drug. If the database allows higher-class
object “pravastatin” as a search key, it cuts
down on the input frequency for other same
content pravastatin generic drugs. In Fig-
ure 1, semantic hierarchical drug code sys-
Fig. 1 Hierarchiccal representation of drugs. Drug code used here, which has hierarchical semantics within the code,
abstract matching can be easily done, i.e., search by top 7 digit 2189010 means pravastatins, including Mevalotin and other
generic drugs.
Fig. 2
Data from CPOE to D*D
retrieval trough gateway
prescription, injection, lab
results, disease diagnoses,
and patient demographics
data in HL7 v2.5 format
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tem is also shown, which is used in this
system.
This hierarchical representation is also
suitable for describing signs and symptoms
in progress notes of medical charts, because
the basic concepts are hierarchically de-
scribed as taxonomy and it is natural for
users to describe according to hierarchy.
The result of this is that secondary use of
analytical database should be separated
from the real time practice of CPOE. The
operating system of CPOE is suitable for
relational database with many tables, while
secondary database should have the hier-
archical data model, with variable length of
instances.
4. Time Sequence Featured
Clinical Data Retrieval System
with 10 Years CPOE Data
of Hamamatsu University
Hospital CPOE
Hamamatsu University Hospital [22, 23]
has 620 beds, and its average outpatient
number is 1500. CPOE has been in oper-
ation since 1989. It is now fourth CPOE. In
recent replacement/upgrading of CPOE,
the export of patient’s demographics, pre-
scription and injection orders, lab results,
disease diagnoses in HL7 [24-26] format
has continued. Now there is 10 years of
such data.
For this accumulated data, the authors
constructed a high-speed clinical data re-
trieval system with time sequence feature,
called D*D (database of structured records
and diagnoses).
Because of the reasons mentioned in
preceding chapter, D*D is independently
established from CPOE, importing HL7
format data from CPOE. Figure 2 shows the
data flow between CPOE and D*D.
Fig. 3 ”Any pravastatin sodium, 5 mg or 10 mg, prescribed patient”. Search result: 2920 patients, search time: 1.92 seconds
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4.1 Example of Retrieval, Basic
Search
Figure 3 is a screen shot of D*D. The left
top window shows the searching criteria.
This case is for “any pravastatin sodium 5
mg or 10 mg prescribed patient”. Push
“search button” and then lower-left list ap-
pears, with result of 2920 patients in 1.92
seconds and lists the patient name (an-
onymized) which is a hyperlink to the pa-
tient’s folio. Figure 4 is for a search
“Hypercholesterolemia patients showing
Total Cholesterol >270 and treated with
pravastatin sodium and atorvastatin cal-
cium (Lipitor) prescriptions, any titer”.
User can add more searching criteria
among other prescriptions, lab results,
diagnoses, combined with AND/
OR Boolean operation. This search took
15.08 seconds with 206 patients. A table
and graphic form of Total Cholesterol re-
sults of the selected patient is shown in
Figure 5.
4.2 Example of Retrieval, Time
Sequence Feature
The last example of the basic search
mentioned above actually means “Patients
diagnosed with hypercholesterolemia at any
time, being prescribed pravastatin sodium
and atorvastatin calcium more than once
and having recorded T-Chol >270 at any
time”. An anti-hyperlipidemia medicine
pravastatin sodium is reported to cause a
hepatic side-effect [27-29]. As a drug-in-
duced side-effect monitoring of the patients
after the side-effect alert, and for finding the
hypothesis with clinical evidence, what we
like to have is, i.e., a list of “patients who
have shown AST >150, within two weeks
after pravastatin sodium medication”. D*D
is equipped with this time sequence feature.
Figure 6 shows the condition set as
“pravastatin (or others, any titer), and
AST >150, at any time”, results of 277 pa-
tients in 18.48 seconds. Figure 7 shows the
condition set as “pravastatin (or others, any
titer) and AST >150 subsequently within 2
weeks”, results of 83 patients in 112.22 sec-
onds. On the right, one of the patient’s AST
in the graph, which shows sharp elevation of
AST at 1997/11/04 after medication of
10/22 and 10/29. The conditions can be set
in combination with Boolean operations,
and the sequence time can be set to other
intervals.
Fig. 4 ”Hypercholesterolemia patients showing Total Cholesterol >270 and treated with pravastatin sodium and atorvastatin calcium (Lipitor) prescriptions, any titer:” Click on “AND” turn
the operator to “OR” which can make logical combinations for search.
Methods Inf Med 6/2008
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5. Specifications and Data
Representation
As D*D in Hamamatsu University Hospital
has received 10 years of lab results, pre-
scription/injection orders, disease diag-
noses, and patient’s demographics in HL7
message from the hospital information
system is shown in Figure 2, comprising
385,815 patient demographics (PID of HL7
message), 1,705,853 disease diagnoses
(DIS), 64,725,104 lab results (OBX), and
6,892,526 prescription and injection orders
(RXE), as of June 2008.
Database system environments are as
follows: database: cache ver 5.0; CPU: Intel
Xeon (3.2 GHz) CPU×2; main memory of
3 GB with database cash 1280 MB.
Within this, the above-mentioned ten
years of data are stored in 35 GB of HDD.
Cache is a progressed database of MUMPS
which is hierarchical variable length data
structure, and has many clinical appli-
cations [30-32]. Additional to its quickness
of search, MUMPS is highly data storage
space-efficient. Hamamatsu University
Hospital CPOE uses 14 GB for one year of
order data storage, compared to 35 GB for
ten years in D*D.
Table 1 shows average monthly searches
by users of Hamamatsu University. It is now
in the eighth year of operation. Physicians
use for clinical evidence, with surprise for
quickness of the search, as they knew that
causal relation search usually takes hours by
other so-called data warehouse.Already, the
users of this system found some new clinical
evidence. The pharmacy department uses it
mainly for medication side-effect monitor-
ing. As D*D has background daily search
macro function, notably a side-effect check
is done automatically every midnight, and
pharmacy department checks only in the
morning.
Within cache database, all records are
represented in a hierarchical index. D*D has
indices for 1) disease diagnoses, 2) lab re-
sults, 3) prescription/injection orders, and
4) patient demographics. Figure 9 shows
some index trees. A search of “pravastatin
sodium prescription and AST >150” evokes
both “ pravastatin sodium prescribed patient
listing” and “AST >150 patient listing”, and
they are merged according to the Boolean
operator (AND, this case) between them.
Because of this hierarchical representation,
Fig. 5 Result of search at Figure 4, with chronographic table and graph of Total Cholesterol of selected patient
Methods Inf Med 6/2008
564
Kimura et al.
search keys should be in higher ranks of
the hierarchy, in order to make searching
quicker.
At the same time, D*D has another hier-
archical index for each of above informa-
tion. Figure 10 is the hierarchy for time se-
quence search. Patient IDs and date are set
in higher position than regular hierarchy in
Figure 9. There are two reasons to have this
redundant information. First is to show se-
lected patient’s information, as in the right-
hand side of Figure 7. Second is to acceler-
ate time sequence search. For “A, then with-
in two weeks, B” search, first a regular
search for A is evoked. Then with the pa-
tient’s ID list of A result, D*D looks for the
other hierarchy for B. As patient’s ID and
data are in very high ranks, system can elim-
inate unnecessary lab results checking for
non-A patients. Table 2 shows the searching
time for “ pravastatin sodium andAST >150
within 2 weeks” for two cases. One is using
only the original hierarchy twice. The other
is using both. Searching time is about 1/6
(64.83/405.88).
6. Discussions
In [11], which explores possible impacts
which CPOE brings, main emphasis is on
patient safety. Clinical database is more or
less than secondary use of the data, as also
shown in [15]. Through long years of use of
this database in Hamamatsu University
Hospital, it is shown that clinical database
does not interfere daily use of CPOE, and
that it can serve also for the basis of patient
safety.
Simultaneous application of a conven-
tional tree structure index and an index of
patient’s ID and dates at higher ranks re-
duced search period in time series to 1/6.
However, this idea was realized under the
condition of massive data to a few search
key items such as test results, prescrip-
tions and injections, and the name of the
disease. The preparation of an optimized
structural index presuming all cases for a
number of search key items under indefi-
nite retrieval sequence was difficult. In
other words, a database of this type can
offer a very high-speed retrieval for a
Fig. 6 ”Pravastatin (or others. any titer), and AST >150, at any time”. Search results: 277 patients, search time: 18.48 seconds
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usage expecting the search items and pro-
cedure, but, for example, it seems to be in-
appropriate for an application to operate
checking numerous types of information
such as attributed classes of doctors
(specialists or not), relationship between
prescriptions and name of diseases (re-
lations to indications).
The authors provided retrievals fo-
cused on the names of diseases, prescrip-
tions and injections, and test results ca-
pable of being input with HL7 v2.5 with-
out the consideration of medical charts
such as findings by doctors and medical
service personnel. This is because there
was no establishment of a standard format
or data type for taking in such informa-
tion. While standardization of finding
items in electronic medical charts such as
HL7 CCD (Continuity Care Document)
[33, 34] is advanced, its further
development is awaited.
Fig. 7 ”Pravastatin /(or others, any titer) and AST >150 subsequently within 2 weeks”. Search result: 83 patients, search time 122.22 seconds. Patient list shows a selected patient has “HIT”
prescription twice, 1997/10/22, and 10/29, and graph of AST shows peak high value recorded on 1997/11/04, within two weeks of the medication
Fig. 8 Hierarchical representation of lab results and medications: for lab results – lab test code – date – results – patient
ID – order number. For medications – drug code – date – patient ID – order number
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7. Conclusion
and Future Plans
A database useful for creating drug safety,
clinical studies and evidence has been ac-
complished through prescriptions and injec-
tions, test results, name of disease being
manifested in a hierarchical structure. Oper-
ations in Hamamatsu University Hospital
for seven years showed a smooth increase of
users (in 2007, we had system replacement,
which caused drop of use). In addition, no
drop in response of the operating system oc-
curred by occupying a network for data de-
livery from the hospital information system.
Time series retrieval, such as AST >150,
within two weeks of administration of
pravastatin sodium, (Mevalotin
®
), made in-
dications of causal relationships of events
possible. Particularly, a combination with
an optimized different tree-structure data
realized quick retrieval. The quick retrieval
gives users the chance to test various hypo-
theses. In other words, an example of he-
patic disorder shown above gave users the
opportunity to test such as ALT, LDH and
TP for examinations but could not find a
causal relationship in AST examination.
Other lessons learned are: 1) Cache data-
base is compact, compared to other re-
lational database; 2) index sequence in
hierarchical structure is important to make
search quicker.
A check for the basis of drug safety infor-
mation has already been carried out, and de-
velopment of a function capable of automati-
cally informing by e-mail about any abnormal
test results to treat situations such as a break-
out of a new infection in the future is planned.
Also, it is now the case that ten years of
data has been made retrievable, so compact
even with a notebook computer, whereas
until now it had only been realized through a
server in a large computer system.
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Fig. 9 Hierarchical representation of lab results for time sequence search – patient ID – date – lab test code – result –
order number
Table 1 Monthly average and total search use of this system at Hamamatsu Hospital
Table 2 Search time (ms) with/without second hierarchy. Test condition: data: 55,587,217 records (March 2007) (about
75% of today); CPU: Intel Core Duo T2300 (1.66 GHz); main memory: 1 GB with database cache 256 MB
2002 (Aug -) 2003
454.8 627.3
2004
775.5
2005
712.8
2006
886.8
2007
649.8
2008 (- Apr)
604.0
Total
48,518
1st
Without second hierarchy 405.55
With second hierarchy (Fig. 9) 065.42
2nd
405.89
065.11
3rd
406.75
065.00
4th
406.03
064.20
5th
405.17
064.42
Average
405.88
064.83
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